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An  annotated  bibliography  of  investigations  con- 
cemed  with  the  isolation  and  characterization  of 
viral  agents  from  human  cases  of  infectious  hepatitis 
has  been  assembled.  Documentation  of  the  host  sys¬ 
tems,  which  included  both  conventional  and  noncon- 
ventional  laboratory  animals  and  tissue  cultures, 
utUized  in  the  recovery  of  23  classified  viruses  and 
six  or  more  strains  of  unclassified  viral  agents  has 
been  presented.  In  addition  to  those  reports  catego¬ 
rized  under  various  host  systems  used  in  isolation, 
supplementary  documentation  of  published  reports  by 

This  paper  represents  an  attempt  to  bring  together 
an  annotated  bibliography  of  studies  on  the  isolation 
and  chararterization  of  etiologic  agents  of  infectious 
hepatitis.  In  adtlition,  certain  thoughts  which  occurred 
to  the  authors  during  their  review  of  the  literature 
are  presented  to  suggest  ways  in  which  the  present 
state  of  the  art  might  be  viewed  and  |x)ssibly  improved. 
There  have  Ireen  numerous  reviews  whicli  have  a|>- 
peared  in  the  literature.-’’- 

Several  of  these  reviews  did  not  include  many  of  the 
recent  tissue  culture  studies  or  significant  proportions 
of  the  foreign  literature.  The  present  report  has  at¬ 
tempted  to  incor|X)raie  the  more  recent  tissue  culture 
isolation  studies  and  to  include  more  of  the  foreign 
references  in  an  extensive  review  of  the  literature.  Al¬ 
though  it  is  |x)ssible  and  c-ven  likely  that  references 
hast-  Ix-en  overlooked,  no  references  were  intentionally 
omitted  since  the  purpose  of  this  report  was  to  provide 
an  extensive  list  of  references  from  around  the  world, 
and  thus  provide  an  up|Mrrlunily  for  a  more  detailed 
study  of  the  individual  pa]K-rs.  rather  than  as  a  critical 
evaluation. 

Two  siiminary  tables  have  Ik’cii  presented  in  which  a 
niimlH-r  of  isolations  have  Ixeti  tabulated.  Known  viral 
agents  which  were  either  initially  or  later  ideiitificxi  as 
such  and  which  were  isolated  in  connection  with  hepatitis 
are  listed  in  I'able  I.  Table  2  has  Ixen  prepared  to  char- 
acteri/e  and  bring  together,  in  a  broad  classification,  those 
as  yet  unidentified  agents  that  have  Ix’en  isolated  in  con- 
junclion  with  cases  of  hepatitis  and  have  received  rather 
extensive  study.  This  list  was  not  intended  to  be  all-in¬ 
clusive,  as  there  ate  in  existence  numerous  other  cases 
most  of  which  involved  single  publications  with  no  cor- 
rolxtrative  studies. 


various  investigators  from  a  number  of  foreign  coun¬ 
tries  has  been  presented  to  emphasize  the  interna¬ 
tional  and  universal  problem  of  ascertaining  etiologic 
agents  for  this  disease  and  to  provide  a  means  for  cor¬ 
relation  of  the  isolated  agents.  The  classified  viruses, 
unclassified  viral  agents,  and  host  systems  employed 
have  been  tabulated.  The  bibliography  includes  one 
hundred  and  sixty-five  references. 

Additional  key  words:  Infectious  disease.  Tissue 
culture.  Viral  isolation. 

Much  of  the  literature  which  descrilred  early  isolation 
attempts  referred  to  the  use  of  more  than  one  test 
system  or  s|)eries  of  animal.  Such  papers  have  been 
included  under  one  test  system  and  are  not  repeated. 
A  cross-reference  listing  has  been  prepared  and  is  in¬ 
cluded  as  I'able  3.  In  many  of  the  cases  cited,  secondary 
|Kissages  were  iterformed  in  test  systems  different  from 
those  used  for  primary  isolations.  The  studies  on  non¬ 
human  ]>rimates  have  Iteen  separated  and  have  been 
dealt  with  individually  Itecause  of  their  s|>ecial  interest. 

ATTE.MPI  S  AT  PROPA(;AriC)N  IN  THE 
CHICK  EMBRYO 

There  have  Ijeen  a  numlter  of  attempts  to  isolate 
the  etiologic  agents  of  hepatitis  in  embryonated  eggs, 
with  almost  all  of  the  investigators  rejwrting  some  de¬ 
gree  of  success  in  isolation  of  an  agent.  In  most  cases, 
however,  the  sid)sec|uent  investigations  on  the  isolated 
agents  have  not  iK'eii  extensive  enough  to  evaluate  the 
relationship  of  the  recovered  agents  to  the  clinical 
syndrome.  Among  the  earlier  reports  which  have  ap- 
pearetl  in  the  literature  are  those  of  Siede  and  .Med- 
ing.'-’’-*  Drcsel.  .Meditig,  and  Weineck,-"  Dohmen,-^ 
Peiwll.'-''"  Henle  rl  nf.."-'  and  Drake  rl 

Both  .Sieile  and  ,\Ie<ling and  Dresel  cl  at.-"  noted 
tleath  of  embryonated  eggs  within  .3  to  1  days  when 
the  chorioallantoic  sac  was  inoculated  with  diicxlenal 
juice.  No  consistent  pathologic  findings  were  observed: 
however,  the  lethal  factor  was  re|x)rted  to  have  been 
transmitted  lor  two  to  eight  pas.sages.  llrine  atid  blood 
were  seldom  found  to  infect  c  hick  embryos. 

Pencil'™  |>rrfnrmecl  ex|x'riments  with  7-day-old  em- 
bryonated  eggs  by  using  Ixcth  filtered  diicxlenal  juice 
from  |>atients  and  liver  juice  of  cxix'rimeiital'y  in- 
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pins.  Hotli  .iltr;iti'N  ciiiiseil  <le;ith  of  the  embryo 
.111(1  iiuompleic  )>ro\\'lh  of  ilie  iilbiiuoic  membrane. 
Miese  results  were  iraiomiMed  in  17  .>erial  |W.v>;ige.s  in 
enK'-  V’iriileme  was  decreased  widi  MKceediii)'  |>assa}>es. 
f  ile  a>*eiil  was  re|x)ried  as  fiiierable.  Dohmen^'  ai- 
lempied  (idlivalion  of  virus  on  the  i liorioallantou 
.iiemliiane  in  embryon.ited  eggs,  and  tlie  incK illation  ol 
loiii  tli  passage  material  into  mite  prtKiuted  illness. 

Keginning  in  1‘H.').  Henle  and  asso<iates“-*  attempted 
the  isolation  of  etiologit  agents  of  infettions  hepatitis. 
1  hese  workers  rejKirted  the  isolation  of  two  viral  agents 
from  separate  outbreaks  of  inlet  tions  hepatitis.  Original 
iiKK  Illation  was  |x'ilormetl  with  tissue  t  ultnres  ol  rabbit 
liter  (clls  in  roller  tubes  and  of  miinctl  thitk  embryos. 


Iablk  1.  Idkntim.ablk  Isolates  Ass(x;iatkd  vvini 
V’lRAL  Hepatitis  or  Hepatic  Invch.vement 


C'oxsackir  virus 
Group  A 
I'ypr  4 
I  ype  lO 
Types  r^,  IH 
Cl<>xsackie  \ irus 
Ciroup  B 
Typr  4 
Type  j 
Type 

7  ypes  '2,  4 
I  ype  i 
Kcho\  irusrs 
*1  yprs  I .  H 
Type  4 
lype  4 
Type  '» 

I  ype  »» 

I  ypes  7,  12 
Adrnov  irij.-ses 
I  ypfs  1 .  i 
Typr  i 


i  ypr.<»  1. 

I  ypes  1 .  4 
r\p<'  *> 

N  I  ' 

kco\  iruscN 
lypr  1 
I  ypr  2 

Types  1 .  2 
I  y  pe  I 

KiJleroN  inise^ 

\liseell.inr<jus 
Myx(»\  iruses 
\VB  V'irus 


DA  Virus 
M  \T<;pl.»snia 

M .  ( toUi\rfili(um 


Morris  ft  at.  ‘  **  " 

Embil  ft  at.^ 

Jrzequel  and  Steiner*' 


Kibrick  and  Benirschke"* 

( )'Shau«hnessey  and  Buechner**' 

Sietfel  ft  al. 

Hosier  and  Newton** 

Sun  and  Smith*'* 

Kiseleva'' 

Karzon  ft  (il. 

Malhaerbe.  Harwin,  and  Sitiith“'* 

.Sabin.  Krumbiegel.  and  Wittaiid’*^ 
I-apinleiimi*"*' 

Siiarlai  ft 

Hatch  and  Sieiir'* 

Diisis^*  ( identiliciition  as  an  adenovirus 
cited  by  Deinhardt  and  Holmes*^  iind 
Ifiitch  iind  Sienr’*) 

.\naniev  ri  «/  * 

Kerim-/.a<le'* 

Hartwell  ft  Hillis**' 

Kfihler  ft  «/.'• 

FelsenfeUP^ 

.SirutsoNskai  I*'*  Uited  in  Kussiiin  edi- 
t<»rial*'’i 
Jfjske  ft  r//."' 

McKee'",  Huriiinth.iiii  ami  McKee’* 

Sharlai  ft  rv/.’’’" 

Giles,  laebhiiber,  Kruittnan,  and  laitti- 
inere*’ 

I.iebhaber,  and  asscKiates'"* 

Prose.  Bidk.  laebhaber,  ami  KruKinan’*'* 
Hsiuntt.  Isacson,  and  Mc(a>!luin’» 

O'Malley  ;ind  ass(Kiales’”  ‘*‘ 


“  Keference  number,  .ind  wairker  or  (troup  ol  workers. 
*'  NT.  Not  yet  typabir. 


followed  by  passage  into  the  amniotit  cavity  of  the 
chick.  Ill  the  lollow-iij)  study  to  Henle's  first  pa|x;r, 
Drake  ft  /i/.-'  rejxjrtcd  on  the  tievelopinem  ol  hejiatic 
disease  resulting  from  human  volunteer  incMulations 
with  these  agents.  IncKiilated  subjects  were  anicteric 
but  showed  other  symptums  suggestive  of  natural  in¬ 
fection.  I'hese  investigators  also  louiicl  that  an  antigen 
prepared  from  infected  amniotic  fluid  and  inactivated 
with  ultraviolet  light  gave  a  jxisitive  skin  test  in  all 
convalescent  |‘atients,  whether  infection  was  e\|x;ri- 
menial  or  natural. 

Henle"-  later  published  a  review  of  various  attempts 
to  adapt  the  virus  fur  propagation  in  the  chick  embryo. 
.Sengukii'*"  re|X)riecl  serial  passage  of  six  strains  of  an 
agent  through  chick  embryos  and  then  into  niltures 
of  Ehrlich's  ascites  tumor  cells,  HcLa  cells,  cells  from 
human  amniotic  membrane,  and  1.  cells.  Oils  from  the 
human  amniotic  membrane  showed  a  high  susceptibil¬ 
ity  lo  the  virus.  .Segagni.  .\nsaltli.  and  Nigro'*'  iitili/ed 
sera  from  .fo  children  al  an  early  stage  of  |auiidiie.  The 
sera  were  imxiilated  on  the  choiioallanloic  membrane 
of  enibryonaled  eggs  and  in  tissue  iiillures  of  chick 
embryo  cells.  These  workers  re|X)riecl  the  development 
of  chorioallantoic  and  hepatic  lesions.  ImiiIi  macro 
and  iiiic  roscojiic .  Essen.  Eembkc.  and  .Sc  hlecht-'"  re- 
|M>ried  that  allantoic  inoculations  resulted  in  die  lur- 
maliun  ol  necrotic  areas,  or  in  death  of  the  embryo; 
however,  these  inanileslations  were  insulin ient  lot  titra¬ 
tion  of  itifectivity.  .\lor/\cki,  Taylor,  atid  |uskiewit/'-’* 
re|X)rtecl  passage  ol  a  virus  ol  inlectiuiis  hepatitis,  strain 
.MMfi.  in  embryonated  eggs.  Electron  micrographs 
from  infected  anil  dead  embryos  demonsiraled  spherical, 
irregular  iMidies  approximately  ISO  m^  in  diameter. 
.Similar  particles  were  seeti  in  tissue  iiiltitres  incKulated 
directly  with  blcxxl  ol  sick  itulividuals.  The  tissue  cul¬ 
ture  preparation  used  was  not  descriliecl.  Essen  and 
Ids  colleagues  have  ptiblished  a  niimlier  ol  paiic-rs''‘'-'“ 
dealing  with  their  isolation  attempts  in  eggs,  and  more 
reienily  in  IIMi.S.  on  the  use  ol  a  skin  test  with  ma¬ 
terial  grown  in  embryonated  eggs.*'  .At  least  three  other 
pajx-rs-'  have  apj^ared  in  which  skin  test  antigens 

prepared  in  embryonated  eggs  have  Iweti  develo|>etl 
and  eniployc'd  with  some  rc|x)rted  degree  ol  success. 
These  are  discussed  iti  greater  detail  under  the  original 
ivilation  attemjits  connec  ted  with  them. 

A  T  TEMP  TS  W  ISOI.A  TION  IN 
1  XPER I M  E\  TAl.  AN  I  .\l  ALS 

.Andersen  and  Tiilinius'  employed  the  oral  admitiis- 
tration  teihni(|ue  ol  bile  to  mice  atid  pigs  and  obtained 
seri.il  transmissioti  ol  an  ittlectious  agent.  Pencil'** 
filtered  duodenal  juice  from  (iertnati  soldiers  and 
inoculated  it  itito  pigs.  mice,  atid  embrvonated  eggs. 
Me  noted  a  slowed  rate  ol  weight  increase  in  iticKii- 
lated  pigs.  In  one  of  the  pigs  sacrilited  alter  li.f  clays 
he  observed  chatiges  in  the  liver,  which  subsec|uentiy 
could  be  induced  by  seiial  transmissioti  ol  the  liver 
tissue  alter  three  jxiss.iges.  \  iruletice  decreased  with 
passage.  ltitra|X’rit(itieal  incH  illation  of  mice  with 
liliered  duodenal  juice  induced  liver  lesions  resembling 
those  in  man.  The  intubation  |x'ricMl  iti  mite  was 
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Table  2.  REBUEtENTATiVE  Agents.  Not  Yet  Identified  as  Known  Viruses,  Isolated  from  Infectious  HEPATiris  Patients 


Motol  virus 


Laszlo  a^ent 


K3  virus 


Mitroiu  virus 


RiKhtsel  and 
McLean 
agents 


OrisiDal  detcription  «Qd  cMifinmiiit  referemM 


Originally  isolated  and  described  by 
Kubelka  W  further  studies  by 
Kubelka  and  associates**-***; 
Chlap  ft  Schon  et 

Kowalczykowa  ft  ** 


Isolated  by  Laszlo  ft  ai.  between 
1957  and  1964;  Laszlo  and  asso¬ 
ciates.*®**®* 


Isolated  in  I960  from  feces  of  patient 
with  infectious  hepatitis,  .\naniev 
and  associates*'*;  Barinskiy  and 
associates.'*  ■  *• 

Viruses  originally  isolated  from 
children  with  epidemic  hepatitis; 
Mitroiu  and  associates. “*'*** 


lloftt  Rsnse 


RA-214,  and  LG*2!7  recovered 
from  serum  or  plasma  of  patients 
with  viral  hepatitis  in  Detroit-6 
(PD)  cells,  McLean  ft  a/."*  ***; 
and  Rightsel  ft  atV*  *** 


Serology  tnd  immun»li>K>’" 


Originally  isolated  in  allantoic  cav¬ 
ity  of  9-day-old  chick  embryos; 
grown  in  monkey  kidney,  Chang's 
liver,  and  KB  tissue  cultures; 
after  passage  in  MK  and  Chang's 
liver  cells,  it  is  pathogenic  for 
mice. 

'  Grows  and  produces  cytopathic 
effect  in  tiuue  cultures  of  embry¬ 
onic  human  liver  and  Detroit-6 
cells;  induces  hepatitis  lesions  in 
hamsters. 

Grown  in  human  renal  cell  culture 
and  Detroit-6  cells;  50  passages  in 
human  kidney  cells ;  does  not  grow 
in  monkey  kidney  cells. 

Grows  equally  well  in  KB,  HeLa, 
H£p2,  Detroit-6,  and  monkey 
heart  cells;  nonpathogenic  for 
suckling  mice  and  rabbits. 


Viral  strains  MR-l,  .\R-17,  \VW -.55.  Limited  to  Dciroit-«>  (PD)  cells; 

.\R-17  produced  clinical  jaundice 
in  volunteer  subjects,  Boggs  ft  a/.'*; 
heat-stable  at  for  min.; 

hlierable  through  03  Selas  lilter, 
Rightsel.*** 


Varies  according  to  host  system,  but 
under  various  conditions  has  yielded  + 
CF,  -1-  neutralization,  and  +  hemag¬ 
glutination;  positive  skin  tests;  hemag- 
glutinating  fraction  is  antigenically 
related  to  type  5  simian  virus  and  D.\ 
myxovirus. 

-f  CF  tests;  -f  neutralization. 


-h  CF  tests;  +  neutralization  by  patient 
sera;  Cross-reacts  with  Mitroiu's  agent 
from  Rumania."* 

Neutralized  by  patient  sera,  cross-reacts 
with  Moscow  K3  strain  (two  of  live 
strains  from  Rumania  showed  cross¬ 
neutralization),  virus  was  neutralized 
by  ECHO  7  antiserum  after  20  passages, 
plus  later  ones,  types  19  and  20  echo- 
virus  antiserum  neutralized  virus  strain 
BF  at  20ih  passage,  but  not  after  3bth 
one;  original  isolates  did  not  react 
with  erhovirus  antiserum. 

-|-  S«*rum  neutralization  i7  years  post- 
di.sease);  —  serum  neutralization  with 
viral  recovery  (3  months  postdisease  i ; 
+  hemaggiutinaliun  of  rhesus  erythro¬ 
cytes  only  by  patient  serum  not  by 
viral  agents.  Rightsel."* 


•  4-,  Positive;  — ,  negative;  CF,  complement  fixation  test. 


Table  3.  Reference  List  to  Host  Systems  Used  for 
Isolation  and  Study  of  Etiolooic;  Agents 
.\SSOCIATF.D  with  ViRAL  HePATITIS 

Ho*t 

F.mbryonated  rpriL^'’''  Tmur  .  uUurrs 

W  .liinuli  pnm.toi 


28. 

29. 

5,  6, 4<»,  5 

1-54, 

26,  42." 

2  4,  8 

11,  1.5, 

18,  P» 

.  20. 

3.5. 

Mi, 

39, 

85.  91 

. 

.5.5." 

21. 

2;t.  24,  28. 

31. 

62.“ 

1)3. 

79, 

95,  ‘FI, 

,  KH, 

138. 

43  A 

)5.  49. 

M.  :<1 

.  61. 

‘K). 

97, 

126, 

lUH." 

116.“ 

I5t), 

6.1, 

67.  ♦»H.  70, 

74. 

131, 

132. 

139, 

122, 

130. 

IM" 

77, 

79.  H2. 

Hti  88, 

,  '*0, 

146, 

149, 

153. 

132, 

13#,, 

91, 

'H.  97 

.  I(K> 

107, 

li>4“ 

137. 

139. 

1 10" 

112. 

H5, 

117. 

164- 

119. 

124. 

125 

127, 

1  H. 

1  H. 

M7. 

1441, 

141, 

Ml.  HA  I4«». 

148. 

149 

152. 

154, 

158, 

159. 

161, 

161. 

U*4. 

■'  11)5 

•  Review  articles. 

variable,  with  the  aiiiinaK  <lying  after  lb  hour!,  to  2<f 
ilays.  Passaf^  of  inlerted  pi^  material  lias  alreatly  Iteeii 
mentioned  in  connection  with  Pencil's  work  on  inocula¬ 
tion  into  emhryonaieci  eggs.  By  means  of  intranasal 


in.stillation  and  intra|.ieritoneal  injections  of  bile  front 
patients  with  infeciions  hepatitis  into  mice,  liaagen 
and  Wywiorski-.Schecle'''  prcKliiccd  a  liver  pathology 
similar  to  that  found  in  the  patients:  elementary  bodies 
were  seen  in  liver  and  lungs  of  mice,  as  well  as  in  the 
lunnan  patients.  The  agent  was  hlterahle  and  could  lx- 
maintained  through  serial  passage. 

The  Motol  virus,  destrilted  later  in  this  review,  has 
been  re)M)rted,  by  several  investigators,'"  as  in¬ 

fectious  for  mice.  \  brief  review  on  the  early  use  of 
rodents  in  isolation  attempts  was  prepared  in  19,')1  by 
■Miiick.'"'  Two  other  pa|x:rs,  by  .NlacCialhim'"'  and 
Morris,'--'  have  ap|>earetl;  these  rover  the  |)eri(xl  up  to 
Mt.VI.  l  lic  re|X)rl  of  .MacOallum""'  provided  a  summary 
of  studies  in  animals  (cats,  dogs,  mice,  ferrets,  etc.) 
usually  assexiated  with  ex|xrimental  lalMiratory  work, 
whereas  the  study  by  .Morris'--  provided  the  results  of 
studies  involving  a  wide  range  of  both  domestic  and 
wdcl  animals,  including  Ixitli  mammals  and  birds.  A 
tc  al  of  2.S  mammalian  and  six  avian  sjxcies  were 
tested,  all  with  negative  results.  Drcsel  rl  Uer/- 

Ixrg.'"  and  Oni/uka''''  have  rc|X)rted  on  their 
attempts  to  propagate  the  virus  in  canaries.  Drcsel 
I’l  al:-’’  tested  not  only  canaries  but  c rossbrctxis  ol  gold¬ 
finches  with  canaries.  Filtered  urine  was  incxiilated  into 
the  breast  muscles  of  birds.  Disease  symptoms  apixared 
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within  I  to  2  (la\s  alter  injedinn  and  ((insisted  nl 
niHled  |ilntna|'e.  shortness  of  breath,  lisllessness,  and 
attelei.Med  heart  rtiles.  Death  iistially  (Kdtrrcd  on  the 
lointh  (lav.  (irosshreeds  were  most  tesistaiu:  eighl 
s|)e(iinens  sin  vised  two  or  three  passages  atid,  in  one 
case,  tiitie  passages. 

.Some  ol  tlie  earh  re|X)rts  oti  the  ellorts  of  |a]>;inese 
workers  to  isolate  hepatitis  virus  in  small  animals  have 
lieeti  reviewed  h\  .Arakawa  et  al."  \  series  ol  re|X)rts  liy 
Hara  and  his  ( oworkers"'-  are  among  the  more  extensive 
studies.  I'hese  investigators’'-  itiodilated  liver  veils,  ob¬ 
tained  liom  a  latal  (ase  ol  hepatitis.  intra|ieiitoneally 
into  mi(e.  whidi  died  1  and  1(1  to  12  days  I  ter.  Pas¬ 
sage  was  made  serially  al  least  20  times,  with  subse- 
ipienl  death  al  .'i  days,  ffistologit  lesions  in  mice  dosefy 
resembled  those  seen  in  human  patients.  V'irus  was  neu- 
tiali/ed  by  human  dinvalestent  sera  in  dilutions  up  to 
10  'K  hledion  mit  rostopy  demonstrated  vims  partidesol 
100  to  l.aO  m^.  In  later  ariides  Hara  and  his  assot  iates’'-'  ’•< 
re|)orted  the  isolation  of  a  similar  agent  from  other 
patients,  and  destrilied  the  preparation  of  a  skin  test 
antigen  Iroin  infeded  mouse  tissue. 

.\  lather  impressive  list  of  investigators  who  have 
attempted  isolation  of  the  virus  in  subhuman  primates 
(ould  Ik-  induded  in  this  review.  1  he  literature  prior 
to  lO.'il  has  lieen  reviewed  by  Evans. In  order  not  to 
dupliiaie  puhliiations  that  have  (overed  the  subjet t 
rather  extensively,  referente  has  Irecn  made  only  to 
sever, il  ol  the  more  retent  reviews.-’'  The  re¬ 

view  by  Haras/ti’'’'  induded  a  ((imprehcnsive  table  of 
attempts  and  results  with  an  appropriate  bibliography, 
rite  attempts  to  date,  although  promising,  still  provide 
no  breakthrough  in  terms  of  a  useful  animal  host  for 
the  routine  ivilation  of  the  agent  for  viral  hepatitis,  with 
the  possible  exieption  of  a  retcni  re|xirt  by  Deinhardt. 
Holmes.  (;a|ips.  and  Po|i|K'r-''  on  marmosets.  These 
.luthors  rt'iKirted  that  inodilalioiis  ol  human  serum 
or  pl.ism.i.  obtained  during  the  atute  phase  ol  viral 
hepatitis,  indiued  diemiial  and  morphologii  hepalit 
ilise.ise  in  marmosets  in  two  out  ol  live  exjierimental 
scries,  f  ile  disease  was  transmissible  in  series  Irom 
marmoset  to  marmoset,  and  resulted  in  imreasing 
viruleme.  I.iver  bio|isy  s|X’(imens  examined  under  (imIc 
exhiliiied  some  ol  the  diarai teristii s  ol  human  viral 
hep.ilitis  and  were  readily  distinguishable  Irom  non- 
s|X'(ih(  ihanges.  No  i»  I'llni  vital  isolation  has  tn'eii 
ie|H>ili'd.  although  biophysiial  and  seiologii  diaiadeii- 
/aiion  studies  ol  the  inledive  plasma  liom  marmosets 
are  in  progress.  Final  pnxif  that  the  hepatitis  observed 
in  these  marmosets  is  (aused  by  agents  of  human  viral 
hepatitis  is  still  laiking  and  must  await  further  invesii- 
g.ition.  f’arks.  \'oss.  and  .Mclnii k'''"  have  reienlly  re- 
|M>rled  on  studies  of  the  barker  strain,  isolated  by 
Dienhaidt  rl  al.-"  in  maimosels.  as  well  as  two  viruses 
thev  ivilaled  in  marmosets.  'The  study  ol  Parks  rl  al.'"'  on 
the  Kaikei  siiain  showed  this  agent  to  have  (haraderis- 
ii(  s  unlike  those  (  harai  teristii  s  lor  human  hepatitis  virus, 
in  lh.it  the  agent  was  sensitive  to  ether  and  (Oiild  Ik-  de- 
stioved  bv  heating  at  .ah'  (1.  lor  .St)  minutes.  Neithei  hu¬ 
man  -^'globulin  not  (onvalesreni  marmoset  seiiim  altered 
the  inledivitv  ol  the  virus  in  marmosets.  This  re|Kirl''" 
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also  induded  a  statement  to  the  etied  that  (KKrled  sera  of 
"normal"  marmosets  prixliKed  similar  patterns  of  liver 
en/yme  and  histopathologii  dianges  similar  to  those 
noted  in  animals  inlet  ted  with  either  the  Barker  strain  or 
w'itb  their  own  dinital  spetimens.  more  detailed  ie|X)rt 
of  these  observations  will  undoubtedly  lx*  fortiuoming. 

TISSUE  CULTURE 

Tissue  (iilture  studies  have  Ireen  performed  exten¬ 
sively  over  the  past  Ea  to  20  years  in  attempts  to  isolate 
eliologit  agents  for  inlet  tioits  hepatitis.  It  should  suffice, 
al  this  |x>int,  to  dte  several  pajaers  that  have  involved  a 
wide  variety  of  tell  lines,  r.g.,  the  studies  of  Bang  and 
Warwick."  Henlc.“'  .McLean,"-  .Ananiev,  Kaverin,  Nar- 
skiy,  and  Karinskiy,''  and  (iole,  Danks,  and  (iampirell.— 
In  the  .McLean  study."-  IS  cell  lines  were  testecl,  eight 
of  vvliidi  gave  at  least  some  |M)silive  results  although 
the  results  with  all  but  one  (PD.WT)  have  not  Ireen 
consistent  or  (lear-cul.  .Among  the  cell  lines  showing 
some  promise  were  HeLa,  human  amnion  and  the 
Deiroit-t)  (strain  PD).  .Ananiev  rl  al.'  studied  the  effect 
of  K.1  virus  in  a  wide  range  of  primary  tissue  cultures 
and  tell  lines,  and  re|M>rted  a  cytojrathic  effect  in  Ixrth 
hiiman  kidney  and  aorta  primary  cultures  as  well  as 
some  (ylo|xilhi(  cffett  in  Deiroil-ti,  KV,  SK  human 
kidney  and  SOTs  lell  lines.  Highest  liters  of  the  agent 
were  obtained  in  human  kidney  and  aorta  primary 
tissue  (ulturtMi,  the  highest  reached  Ireing  !()-“  TtilD:,,,. 
.Among  the  primary  tissue  cultures  tried  were  those  of 
monkey,  pig.  guinea  pig.  calf,  (at,  rabbit,  mouse,  sheep. 
(hi(k  embryo,  and  dog.  C.'ell  lines  included,  other  than 
those  showing  |x).sitivc  (ytopathic  cffett,  were  HeLa. 
.MIO.  .SPEiV’  and  P,().  Ciole  rl  al.'--  employed  primary 
tissue  cultures  of  monkey  kidney,  human  amnion  and 
lung,  and  human  embryonic  kidney  and  intestine.  The 
HEip2  and  Hel.a  (cIl  lines  and  the  Fairfield  lines  ol 
human  epithelium  and  monkey  embryonic  tissues  as 
well  as  Detroil-()  were  tested  for  susceptibility  to  their 
agent:  only  the  Detroit-!)  tissue  (iiliure  sup|K)ited  growth 
ol  this  agent.  (Faril  and  .Alin'"  attempted  to  (  iiltivate  the 
agent  ol  infectious  hepatitis  in  oyster  tissue,  but  the 
results  were  doubtful,  in  light  ol  the  diffuiilty  these 
authors  re|x>rte(l  in  growing  satisladory  tissue  material. 

.A  comparison  of  isolation  suciesses  in  the  various  cell 
lines  would  Ih'  of  little  signiliiaiue  beiause  of  the  wide 
variation  of  material  and  its  sonne.  .Many  of  the 
agents  reported  to  dale,  as  will  be  noted  below,  have 
iK'cn  Khnlilied  as  various  prototyjx's  ol  dassilied  vi¬ 
ruses  that  may  or  may  not  l>ear  a  direit  relationship 
to  infectious  hepatitis.  Some  of  the  cell  lines  that  have 
Ix'en  employed  both  with  and  without  success  included 
(hick  embryo.  Hef.a.  human  epithelial  KB.  human 
embryonic  lung  and  kidney,  monkey  and  rabbit  kidney, 
and  the  Detroit-ti  line.  Uell  lines  of  the  latter  in  variant 
forms.  A’.A  and  PD"’’'.  t,;ive  also  lieen  tested.  Both 
stationary  and  toilet  mix'  methexis  have  Ix'en  employed 
with  re|xirtcd  success.  Organ  cultures  of  liver  have  also 
Ix'en  used  lor  isolation  attempts."’ 

Hillis  and  Bang"’  employed  roller  mix'  culmres  of 
human  and  mouse  embryo  liver,  as  well  as  adult  mon¬ 
key.  organ  (iilmres  ol  human  embryo  liver,  and  try|>- 
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sini/etl  huiniin  eiiihno  liver  telU,  in  ;illeni|)ls  to  dilli- 
vaie  ageiils  of  infeeiioiis  lie|)atiti<> — all  without  siittess. 
No  relliilar  destriK  tioii  or  jxitholo^ii  effect  ol  any 
retogni/able  type  was  oinaineci  with  58  infettious  hepa¬ 
titis  speeimens.  Kxaininatioti  of  the  itiotulatetl  try|)- 
sini/ed  eefls  failed  to  show  any  deteetahle  antigen  in 
indirert  fluorescent  antilxKly  tests.  Eight  of  the  s|)eci- 
inens  incxiilateci  had  beeti  deniotistrated,  in  ]>revious 
human  tests,  to  contain  agents  capable  of  prcxlucing 
typiral  disease  with  jautitlice.  l'is.sue  culture  tethn't|ues 
have  provided  an  additional  means  for  studying  the 
isolated  agents  by  fluorescence  microscopy’'-  "'•*  and 
other  immtinologic  tests.’'  (oinparisons  have 

Ireen  reported  concerning  the  cytopaihic  effec  t  of  various 
isolates  from  different  sources-"  and  have  suggested  a 
supplemental  method  of  iclentihcatiun.  which  might  Ire 
employed  if  the  residts  could  Ire  consistently  re|>eatecl 
and  confirmed  by  other  investigators. 

.\{;ent.s  idem  ikied  .a.s  <;l.\s.sikied 

VIRUSES 

.\  large  numiter  of  viruses  have  Iteen  isolated  and 
identified  in  asscxiation  with  cases  of  inlectioiis  hepa¬ 
titis.  Prcrof  of  a  catisatice  relationship  to  the  disc-ase 
has  Ireen  difficult,  and  the  status  of  these  viruses,  fur 
the  mcrst  part,  has  remained  unclear.  Many  of  the 
identified  agents  have  Ireen  isolated  from  patients  with 
symptoms  not  suggestive  of  infectious  he|>atitis.  and 
the  infecticity  of  the  isolated  agents  and  their  ability 
to  indiKi'  hepatitis  have  not  iK-en  tested  in  man  or 
e\|rerimental  animals.  I'hose  agetits  which  have  Ireen 
incxiilateci  into  man  and  test  animals  requite  further 
study  and  cunfirmatiutt. 

Kibrick’'*  has  recently  reviewed  the  literature  cm  the 
rcrie  erf  the  (oxsackie  viruses  and  echoviruses.  He  stated 
that  "the  relationship  Iretween  (oxsackie  B  virus  infec¬ 
tion  and  he|ratitis  in  newirorns  is  clear."  and  that 
"there  is  suggestive  evidence  that  (oxsackie  A  and  B 
viruses  may  Ire  related  to  hepatitis  in  patients  Ireyond 
the  newlxrrn  |rericKl."  .Althcrugh  the  numirer  erf  references 
cited  by  Kibrick.  fxrth  early  and  recent,  would  tenc!  ,o 
supjxrri  his  assuinptiern  that  these  .igenis  have  lx.en 
fretjuently  iscrlated  in  ccrnnecticrn  with  cases  of  hepatitis. 
.1  review  cri  the  cited  pa|rers  identified  only  a  few 
agents  that  were  actually  recovered  frenn  cases  erf  in- 
fecticrus  hepatitis.  One  such  case  is  that  crI  Mentis. 
Elisirerg,  PcrncI,  and  Webb'-*  who  isolated  a  ty|X'  I. 
grcriip  .-k  (arxsackie  virus  Ircrni  the  IiIcrmI  of  a  child  with 
fever,  rash,  and  a  clinical  picture  of  hepatitis.  Berth 
neiitrali/ing  and  cuinplemeni-fixing  antilKxlies  d<*vel- 
ci|retl  against  the  agent  during  the  patient's  ccrnvalev 
cence.  Whether  the  agent  existed  as  a  ccrncurrent  in¬ 
fection  or  actually  prcxlucecl  the  hepatitis  symptoms 
cannot  Ix’  ascertained.  Embil,  \’an  Rexrsen,  and  \ag- 
ler-’-  reported  the  isolation  of  a  ty|x'  lit,  group  .\  (ox¬ 
sackie  virus  frerm  the  stcxrls  erf  15  contacts  in  an  tint- 
break  of  infectious  he|xititis  at  a  litiusing  development. 
Four  isolations  were  made  from  tlie  IiIochI  of  the  con- 
taels.  |t-/ec|uel  and  Steiner'"  recently  reix>ried  the  iilenti- 
fnation  ol  the  original  Bin  liner  and  Shreeve*’'  isolate, 
with  which  they  have  worked  extensively as  cross¬ 


reacting  with  tyjx's  I.S  and  18,  group  .A  (oxsackie  viral 
antisera.  The  original  isolate  was  one  of  five  agents 
recovered  from  the  stools  ol  five  patients  with  iiilectious 
he|r;ititis.  Isolates  originally  tested  were  found  to  Ire 
ether-resistant  and  heat-stable  (in  the  presence  ol  .MgfiL) 
up  to  temperatures  of  <i0°  (i.  for  30  to  40  minutes. 
These  agents  were  noninfec  tious  for  suckling  mice. 

A  report  by  Kibrick  and  Benirschke’'*  involved  two 
fatal  cases  of  getierali/ed  infection  in  the  neonatal  |ieriod 
with  isolation  of  type  1.  group  B  Coxsackie  virus.  Iso¬ 
lation  of  the  virus  from  the  liter  of  one  of  the  infants 
was  reported.  The  report  by  O'.Shaughnessey  and  Biiech- 
ner"*'  involved  the  isolation  of  a  lyire  5,  group  B 
(ioxsackie  virus  from  a  pregnant  woman  suffering  from 
clinically  detectable  hepatitis.  The  pajrer  by  Siegel  c-t 
descrilred  the  isolation  of  tyjie  5.  groiijr  B  (ierx- 
sackie  virus  from  young  children  during  a  Ififil  out¬ 
break  of  pleiircxlynia  and  pneuniunia;  at  least  19  of 
the  cases  involved  hepatomegaly.  The  clinical  pattern 
in  these  cases  makes  a  direct  asscxiation  with  in¬ 
fectious  hepatitis  apitear  unlikely.  The  cases  cited  by 
Hosier  and  Newton'”  involving  the  isolation  of  various 
ty|xts  of  group  B  (oxsackie  virus  were  characteri/ecl  by 
severe  fcxal  liejiatic  necrosis  without  other  evidence  of 
infectious  hepatitis.  Sun  and  Smith'"”  re|x)rtetl  a  case 
which  suggested  that  infectious  hepatitis  may  hase  ix- 
ciirretl  along  the  more  classic  symptoms  of  (oxsackie  vi¬ 
rus  infections.  The  incidence  of  hejtatitis  asscxiateil  with 
(oxsackie  virus  infection  has  been  low.  and  the  actual 
role  of  these  viruses  in  infettious  hepatitis  has  not  been 
established. 

The  role  of  the  et/ioviruses  in  hepatitis  would  ap(x'ar 
to  be  more  obscure.  1  here  have  been  repents""’  '*■'’ 
noting  mild  liver  dysfunction  or  hepatomegaly  asstxi- 
atecl  with  echovirus  infections.  Lapinleimu'""  ""  re- 
|X)rtecl  on  the  isolation,  in  19.59,  of  ty|X‘  (1  echovirus 
from  two  severe  ca.ses  during  a  mild  outbreak  of 
hepatitis  in  Helsinki.  Kinlaiul.  Virus  particles  and  anti- 
Ixxly  to  et  hovirus  ty yx-  (>  were  demonstrated.  The  author 
suggested  that  it  might  only  have  Ix'en  a  hepalolropic 
strain  but  that  its  close  asscx  iation  with  the  disease  made 
it  a  |x>tenlial  eliologit  agent,  l  yjx's  1  and  8  echosirus 
were  re|xjrtecl  by  Kiseleva""  to  have  been  isolaietl  liom 
cases  of  infettious  hepatitis  in  Turkmenia  (U.S.S.R.). 
.Netitrali/ing  aniibtxly  against  the  isolated  viruses  was 
present  in  (>3,3  ix'r  cent  of  the  sera  examined,  with 
titers  of  1/10  to  1  lilO — one  case  had  a  tiler  ol  1  8000, 
In  a  parallel  study  with  sera  Irom  liO  patients,  i\|x'  I 
echovirus  was  neutralised  in  3'2  cases,  and  onis  two 
ca.ses  neutralized  an  adenovirus  (uns|x-tihecl  ty|x-).  The 
strains  of  echovirus  isolated  vs'otdd  ap|x-ar  to  lx-  t  ioselv 
asscxialed  with  the  descrilx’d  epidemic  ol  hepatitis. 
•Sharlai.  Moro/enko,  and  Talvik'”"  hase  recently  le- 
|x>rlecl  the  isolation  of  diverse  ty|x’s  of  agents  fnim 
(Kiiients  sutfering  from  infectious  hepatitis  which  are 
asscxialed  svith  viruses  of  the  intestinal  and  respirators 
groiqis.  These  studies  were  |X'rlormed  on  children  with 
nonicteric  forms  ol  inlectioiis  hepatitis.  ry|H-s  7  and 
12  echovirus  svere  involved  in  a  numix-r  of  the  cited 
cases. 

TyiX's  1  and  2  reovirus  h.ise  Ix-en  isolated  in  assexia- 
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tiun  with  inrerlioiiN  ht'|>;ilitis.  I  lii'  KrciWii  jiiil  Kiietincr 
strains  of  a  iy|X'  l-likc  rcovinis  were  tlostrilR'tl  l>\ 
•MtKee'"  and  l>)  Kiirlin)>liain  and  MtKee,'"  ainl  were 
isolated  front  the  fetes  of  (tatients  with  infet  tiotts  hepa¬ 
titis.  Hoth  virtts  strains  totthl  Ik’  propagated  itt  thick 
embryos  hy  either  the  thorioallanloit  lavity  or  yolk 
sat  rottte.  anti  Ixttlt  prodtttetl  a  hemolysin,  which  was 
heat-stahle  at  121°  (^.  for  21  ttiiittttes.  I'lte  hemolysin 
was  itot  firtttly  Ixntnd  to  the  virioti  and  cottltl  l>e 
separated  hy  dialysis.  I'he  hentolysin  did  itot  retptire 
reovinis  receptor  sites  to  hemoly/e  erytlirtnytes.  hut 
the  receptor  sites  ap|X'aretl  to  lie  adjacent  to  the 
reovirus  receptor.  1  h .  role  of  these  viruses  in  relation 
to  viral  hejiatitis  has  not  lieen  clearly  estahlished. 
Strutsovskaia,"'-  as  re|Kirtetl  in  a  Russian  editorial.-'" 
recovered  ty|ie  2  reovirus  sus|iected  as  a  possible  ctio- 
logit  igent  in  an  outbreak  of  enteric  infections  with 
hepatitis  in  children,  [oske  ft  til.''  re|x)rtetl  on  the  iso¬ 
lation  ol  ty|x.‘  2  reocirus  tiom  a  number  of  patients, 
several  of  whom  had  clinical  hepatitis.  .Althotigli  it  was 
difticuli  to  ascrilie  a  definite  connection  lietween  the 
recniruscs  isolated  and  the  children's  illness,  )oske  and 
associates  felt  that,  at  least  in  t!ie  one  fatal  case, 
autopsy  findings  in  the  liver  were  typical  ol  those  ob¬ 
served  in  reovirus  infections  of  inlant  mice.  The  oc¬ 
casional  cMciirrence  of  ence|)halitis  in  itdectious  hepa¬ 
titis  indicated  that,  at  least  in  some  of  their  cases,  a 
reovirus  etiology  could  not  Ik‘  ruled  out. 

Kelscnfelcl*''  has  rc|x)rtccl  re|X’ated  isolations  of  tyix;  I 
reovirus  Irom  slcxils  ol  a  psychology  techtiician  who 
handled  a  group  of  young  chimpan/ees.  and  also  from 
the  stools  of  the  chimpan/ees.  Liver  biopsies  Irom  liolb 
demotistratetl  changes  suggestive  of  infectious  hepatitis 
based  on  the  .Smetana''"  clesc i i|)tic)ns.  .\  pseudoglandti- 
lai  iiansformation  of  parent liymai  liver  tells  was  a|>- 
parenily  identical  to  tint  observed  in  epidemics  ol 
iiepalitis  in  Delhi,  India. and  in  .\ctra,  (. liana. 

’!  he  role  ol  adenoc iruses  in  .issck  iaiiou  with  infectious 
hepatitis  has  |K’ihaps  Iktii  ecen  moie  inietesting,  al- 
ihough  et|Ually  as  unclear.  Davis.-'  in  Ihtil.  isolatc'cl 
ciral  agents  known  as  file  .San  Lailos  agenis  Irom  tbe 
suxils  ol  young  children  hospitali/ed  diiiiiig  an  out- 
bre.ik  of  he|iatitis  on  an  Indian  resers.itioii.  Recently. 
Deiiiharth  and  flolmes--''  and  fl.itih  and  Sietu  ’"  re(K»rted 
identihe alion  ol  these  agents  as  (predominantis)  adeno¬ 
viruses.  Hatch  and  Siem’''’  tonlirmed  ihe  identitv  ol 
the  Davis  agents  as  ty)X’s  I  and  S  adenovirus.  In 
addition,  an  isolate  ideinihed  as  tyjK-  IS  ethovirus 
w.is  lonntl.  f  he  ly|K'  .S  .itlenovirus  tiilleretl  Irom  the 
prototy|X'  .S  adenovirus  by  hemaggliitination-inhibition. 
K\  the  use  of  the  hemagglutin.nion-inhibilioii  tech- 
iiitpie.  a  relationship  to  ty|x'  Hi  adenovirus  was  intli- 
c.itetl.  Kerim-Zade'-  utili/ed  Hel.a  cells  lor  primary 
isolation  and  recovered  21  t  ytopathogenic  .igenis  from 
letes  ol  .'lO  patients  with  infectious  he|)atitis.  Of  these 
agents.  2.‘i  were  found  to  lx-  antigenic  ally  and  sero¬ 
logically  related  to  ty(X’s  1  and  I  adenoc iriis.  The 
str.iins  induced  intracellular  inclusions  in  monkey  kid¬ 
ney.  Hel.a.  and  HLp2  cells.  .\  signiric ant  pro|M)iiion 
ol  paired  ser.i  testecl  showed  an  increase  in  romplc- 
ment  fixation  anlilxxly.  Hillis""  re|x)rted  on  viral 


agents  isolated  from  sera  of  Ixith  human  patients  and 
cliinipan/ees  with  symptoms  of  iniectious  hepatitis,  and 
these  agenis  have  Ireen  identified  as  similar  to  the  type 

ticlenovtnis."" 

H  liman  exjjerimenlal  iidections  with  at  least  one 
ty|re  of  adenovirus  have  failed  to  induce  hepatitis. 
Kasel,  Lcxla.  and  Knight’'’  utili/ed  a  tyjre  Hi  adeno¬ 
virus,  recently  isolated  from  rhilciren,  in  an  attempt  to 
infect  volunteer  subjects  via  the  conjunctiva.  Vitus 
could  l>e  isolated  from  the  incxtilated  eyes,  the  throat, 
and  rectum,  but  no  antiixtdies  were  demonstrable  fol¬ 
lowing  iiijeciion.  During  the  course  of  7  months  of 
olcservrlion,  no  jaundice  or  signs  of  liver  dysfunctioii 
was  noted.  Hartwell.  Love,  and  tidenixx k-"''  re|x>rietl 
the  isolation  of  ty|/e  3  adenovirus  from  bicxxl  clots  of 
patients  in  s|x>raclic  outbreaks  of  hepatitis  in  Arizona 
(H.  S.  all  in  the  vicinity  of  the  city,  Phoenix,  lo 
offset  the  |x>s.sibility  that  adenovirus  might  be  prevalent 
in  the  normal  |x)piilalic>n.  71)  bicxxl  .samples  were  ex¬ 
amined  from  normal  patients  of  a  similar  age  group, 
with  only  one  isolation  of  a  ty|x;  3  aticnt'virus. 

During  a  12-month  periixl,  Kiihlei,  .Vjxxlaca,  and 
.Springer'"  examined  2RS  serum  samples  from  clinical 
hepatitis  patients  and  made  H)2  adenovirus  isolations. 
During  the  same  )x-riixl.  examination  of  serum  sjjeci- 
mens  from  lO.H  patients  without  evidence  ol  hepatitis 
yielded  only  If)  isolations  of  adenovirus  Isolations  were 
made  in  primary  pig  kidney  cell  cultures.  No  cyto- 
palhic  elleci  was  observed;  however,  identification  was 
made  by  histologic  examination  of  the  cell  monolayers. 
Re|X'atetl  examinations  were  ix'rlormecl  on  (>2  patients; 
fi!)  |x*r  cent  of  these  cases  gave  re|x;atccl  |x>sitives 
during  the  first  21)  days  .liter  onset  of  icterus.  None  of 
the  If)  isolates  demonstrated  any  similarity  with  the  .31 
known  tyjx's  of  adeiioviriises.  N'eiiirali/ing  aiitilxxlies 
could  not  Ix'  demonstrated  with  homologous  antisera. 
.\t  least  two  diverse  seroty|X's  have  Ixren  identiheil 
among  the  isolates.  This  re|x>rt  was  a  follow-iij)  to 
the  earlier  report  by  Kohler  ;ind  .\pcxlaia'  in  HMiti. 

.Vllhoiigh  adenoN  ii  uses  had  Ix-en  lecocered  Irom 
cases  ol  iulec  lions  hepaiiiis.  the  etiologic  basis  for  the 
disease  was  not  clearly  esi.iblished  for  these  agents. 
3Vheii  a  clesc lipiion  ol  the  aclenovirus-asscx iated.  clelec- 
tive  particles  w;is  re)x)ried  by  Hoggan  and  his  assexi- 
ates^'  and  by  .\ic  bison,  (iasto,  ,incl  Hammon.'  their 
small  si/e  siimidated  lurther  research  on  a  |x>ssible 
etiologic  role  in  inlet  lions  hepatitis.  The  adenoassex  i- 
ateil  viral  panicles  were  tle|X'iideni  solely  U|K>n  the 
presence  ol  ihe  .idenociriis  lor  propagation.  'I'hev  were 
appioxiniately  2‘20  to  211)  \  in  diameter  as  observed  in 
negative  contrast  eletiron  mitrostopy,  and  consisted  of 
a  deoxyribonucleic  .it  id  tore.  Haselkorn’"  considered 
them  analogous  to  the  s.iiellite  particles  ol  the  tobacco 
ueerttsis  virus.  Hoggan.  Kl.it  klow.  R.dajko.  and  Rowe'- 
desciilx'cl  lour  or  more  seiologic  sublvpes  ol  the  atleno- 
\ it iis  asscx  iated  |>ailitles.  .\s  re|X)ited  by  Moi i  is,'-"  exten- 
site  studies  hate  not  Ix-en  siitiesslul  in  the  establishment 
ol  an  etiologic  relalioiiship  lot  eiilui  the  atlenot iruses  or 
the  subty)x’s  ol  atlenot  inis  .isscx  i.iteci  p.  ides  to  inlec- 
lioiis  hepatitis. 

Two  abstracts  ol  p.i|x’rs,  presenled  at  the  Will 
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Eaboratorv  Investigation 


Scientific  Scviioii  ilevotetl  to  problems  of  infectious 
hepatitis  held  in  Moscow  (U.S.S.R.)  during  1965.  have 
recently  appeared  in  the  literature.-- In  one  ol  these. 
Korenblit  and  Panchenko*"  reported  that  viruses  iso¬ 
lated  from  the  blood  of  i'lfectioi  hepatitis  patients 
'n  a  Detroti  ‘  cell  cultur.  were  neutrali/ed  with 
Canine  serum  to  type  1  adeitoviriis;  however,  in  contra¬ 
distinction  to  the  general  properties  of  the  adenovirus 
group,  the  virus  caused  death  of  iiewixirn  and  adult 
mice  upon  incKulation  in  the  brain  and  abdominal 
cavity.  The  viral  titers  in  the  brain  of  the  sick  mice 
were  10  and  lO--*  LDs,, .  and  the  virus  retained  the 
capacity  to  evoke  typical  cytopathic  changes  in  tissue 
culture.  In  a.ldition.  the  virus  could  lie  pased  in 
10-  to  12-tlay  chirk  embryos  by  incxulation  into  the 
allantoic  and  amniotic  cavities.  The  properties  men¬ 
tioned  are  similar  to  those  of  the  known  virus  strain 
callcfcl  Mciiol.  isolated  by  Kubelka.  .Slavik,  and  .Sousek*^ 
in  (;/echoslo\akia.  and  will  lie  descrilretl  later.  The 
second  pa|)er  by  .\naniev  ft  al.-  was  concerned  with  a 
.study  of  the  role  of  latent  viruses  in  infectious  hepatitis. 
V'irologic  studies  were  performed  by  using  tissue  cul¬ 
tures  of  Detroit-6  and  trypsini/eci  cultures  of  human 
embryonic  kidney  tissue,  from  which  89  strains  of  vi¬ 
ruses  were  i.sulated  in  1120  stunples  from  1023  patients 
with  infectious  hepatitis.  I'he  majority  of  the  strains 
isolated  were  classified  as  Itelonging  to  the  latent  group 
of  tyjses  I  and  .5  adenovirus  and  to  the  enterovirus 
group  according  to  their  biologic.  pliysiccKhemical.  and 
serologic  properties. 

Krugman  and  assexiates.-’"'- over  a  long  pericxi 
of  time,  studied  cytopathic  agents  isolated  from  Itoth 
inappareiit  and  ap|)arent  infectious  hepatitis  and  dem¬ 
onstrated  the  lime  the  agents  appeared  in  the  blood  and 
urine.  Recentlv.  this  group*""  has  reported  the  iclen- 
tificaiinn  of  the  Willowbrook  (WB)  virus  (isolated  from 
patients  with  inapparent  and  apparent  hepatitis)  as  a 
myxoviriis  and  a  member  of  the  parainfluenza  group 
of  viruses.  'Ibis  adds  another  previously  known  virus 
as  a  (xiteniia!  eiiologic  agent  in  infectious  hepatitis.  A 
relationship  of  WB  virus  to  SV'-5  is  suggested  by  a 
reciprcKal  rise  of  .SV'-5  aniilxKly  liters  in  M'B-immunized 
animals  although  homologous  antilxKly  tilers  were  al 
least  8-folcl  higher  than  heierolcjgous  liters.  The  a|>- 
paretit  relationship  to  3V-5  raises  the  possibility  that 
WB  virus  might  have  lieen  isolated  as  a  contaminant 
from  tissue  cultures  infected  with  a  simian  virus  al¬ 
though  it  H‘ems  unlikely  in  this  study,  since  (I)  only 
WI-.38  tissue  ctiittires  were  used  for  primary  isolations; 
(2)  reisolations  were  performed  in  new  stcxks  of  WI-38 
cultures:  (3)  negative  s|xrrimens  remained  negative  on 
repeated  blind  tissue  culture  passage;  (-1)  isolation  was 
made  in  at  least  one  case  in  another  l.ilxiratory  directly 
troin  a  serum  specimen  taken  33  days  after  inoculation, 
but  not  from  the  preinoculalion  s|]ecimeii;  and  (5) 
each  of  the  patients  from  whom  virus  was  isolated 
developed  a  -l-fold  rise  in  serum-neutralizing  aniiliCKly. 

In  1961.  O'.Vfalley.  .Meyer,  and  Smaclel'^*  isolated  an 
agent  designated  as  A- 1  from  a  National  Iiislittiles  of 
Health  (NIH)  plasma  |)ool.  The  pool  was  previously  used 


in  volunteer  studies  and  was  known  to  contain  the  virtis 
for  serum  hepatitis.  Interestingly  enough,  serum  s|ieci- 
mens  from  30  volunteers,  recipients  of  the  original  |xx)l 
of  plastna,  revealed  rising  levels  of  antibexly  against  the 
A-l  agent,  whereas  serum  s|recimens  from  patients  with 
infectious  hepatitis  failed,  lor  the  most  part,  to  reveal  any 
antibexlies  against  the  .-V-l  agent,  ('nly  recently,  O’.Vfalley. 
Mcfiee.  Barile.  and  Barker'-'*-'  re|X)rted  the  iclentilication 
of  the  .A-l  agent  as  Mycoplastiia  galUsfpti<  urn,  w  hich 
wotild  account  for  lack  of  neutralization  by  infectious 
hepatitis  patient  sera.  Boliti,  .Alsever,  Berger,  and  Jarsis'-'' 
re|x>rtetl  multiple  isolations  of  virtises  from  the  blcxxl  of 
volunteers  incxiilated  with  the  NIH  plasma  ]kk)1  6. 
Further  sttidies"*-  reported  by  this  group  will  be 
discussed  later  in  this  paper.  .Some  of  the  original  iso¬ 
lates  were  infectious  for  mite  and  prexiuced  a  cyto- 
ixithic  ellect  on  a  wide  range  of  host  cells. 

If  the  list  of  references  associated  with  known  agents 
seems  lengthy,  that  of  unidentified  agents  is  even  more 
impressive  although  many  ol  those  ortginally  re|K)rted 
as  unidentifiable  have  now  Ireen  classified.  These  isola¬ 
tions  have  been  reported  from  aroutid  the  world.  At 
present,  there  has  been  little  or  no  op|X)rttmiiv  for  one 
laboratory  to  check  and  confirm  the  results  ol  another. 
This  interrelationship  should  increase  as  investigators 
are  provided  more  op|xirtunity  to  come  together  and 
discuss  their  observations.  A  recent  example  of  this 
cx-curred  in  the  IX  International  Congress  for  .Micro¬ 
biology,  which  devoted  a  fexal  topic  session  to  infectious 
hepatiti.s.'  The  problem  of  evaluating  viral  isolations  in 
infectious  hepatitis  has  lieen  com|x>tintled  by  the  lack 
of  good,  reliable  serologic  tests,  lack  of  a  suitable  ani¬ 
mal  host,  and  the  difficulty  involved  in  conducting 
studies  in  volunteer  subjects. 

In  (Canada,  virologists  have  lieen  active  in  this  field. 
Iieginning  with  the  reixirt  by  Franklin  and  Sinclair, *• 
who  attempted  the  isolation  of  the  agent  of  infectious 
hepatitis  by  using  the  Detroit-fi  cell  line.  These  results 
were  negative  or  inconclusive.  Buchner  and  Siirecvc'' 
re|X}rted  the  isolation  of  five  agents  from  sltxils  of 
patients  with  infectious  hepatitis,  two  of  which  were 
studied  in  detail.  The  original  studies  indicated  that 
the  agents  were  not  identified  as  known  enteroviruses. 
Intermediary  re|x)rts  by  |i;zt:-t)tiel  and  Steiner"-'  de- 
scriliecl  further  attempts  to  identify  and  characterize 
these  agents.  Electron  microscopy  revealed  viral  par¬ 
ticles  with  diameters  of  250  .-\.  .\  recent  re|X)rt  bv 
l^z^cpiel  and  Steiner""  cited  the  serologic  cross-relation¬ 
ship  of  one  of  the  original  isolates  with  two  straitis 
of  Coxsackie  virus.  Embil  rt  (il.'-'-  have  already  Ixten 
cited  for  their  recent  rc|x>rlctl  i.solation  of  a  ly|x.'  10. 
group  B  (ioxsackic  virus,  in  connection  with  an  out- 
break  of  infectious  he|xititis. 

In  (izechoslovakia  in  1957,  Kubelka  ft  al.”''  re|Kntetl 
the  isolation  of  an  agent  known  as  '  lotol  virus  from 
{xxrleci  sera  of  two  patients  with  hepatitis.  Under  certain 
coiiditinn.s.  the  virus  agglutinated  crythrexytes  and  was 
infectious  for  mire.  Cfeorgiacles  and  Zacek  in  |X'rsonal 
comnitinications  to  Ktibelka"-"’  have  suggested  that  it  is 
probably  a  deoxyrilxrnuc  leit  acid  virus,  approximatelv 
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VIRAL  AGKNTS  IN  HtPAllTIS 


KHHl  A  in  (liaiiietei.  Tlie  C;5  tradiun  of  the  Moiol  viral 
|iii-|)aialioii.  Iiowevei,  iiav  been  ie|>oite(l  to  liave  vital 
pal  tides  ol  appioxinialely  2(M)  A  with  hexagonal  fonn.'"' 
Kiibelka.  Sdion.  aiul  Siiliova'"'  recently  re]>orted  that  the 
heinagghitinaling  Itaction  was  antigenitally  related  to 
l;  |M'  5  simian  virus  or  the  UA  virus  of  Hsiung,  Isarson, 
and  MtOoIhun.'t  and  loultl  possibly  be  a  simian  virus. 
.\loiol  \irus  lias  lieen  studied  by  other  groups  in  Po- 
laml.-'"  The  inlet  tioiis  nature  of  Motol  virus  in  mite 

has  Iteen  amply  tlestribed,"'-  '''  anti  typital  signs  of 
at  me  he)>.ititis  have  been  lejtorted,  with  viral  isolalittn 
I  tom  most  oig.ins  anti  pathtdogit  t  hanges  t  imsistent  with 
hepatitis. 

Retent  re(jorts""'  from  KinlantI  have  imliratetl  the 
(xtssible  role  of  ty|x.‘  It  ethovirus  in  a  hepatitis  out¬ 
break  ill  Helsinki.  further  tlisnission  on  this  work 
ap|x'ars  earlier  iintlcr  the  |jossible  role  of  the  echo- 
viruses  in  the  etiology  of  hepatitis. 

(ierman  investigators  have  lieen  attive  in  hepatitis 
reseanh  lor  a  long  time,  .\luth  of  their  early  woik  was 
tlestrilx.'d  under  the  settioti  involving  egg  anti  other 
animal  isolation  attempts.-'  -"  Paititiilarly  pitKlut- 
live  over  a  long  span  of  years  has  Ireeii  the  work  Irom 
the  laboratory  of  K.s.sen  and  his  tolleagues."'  **  These 
studies  have  involved  isolation  attempts,  electron  ini- 
irosiopy,  and  skin  testing  ol  hepatitis  patients  with 
the  use  of  virus  material  projiagatetl  in  embryonaied 
(hit ken  eggs.  Retent  ie|xnts  have  appeared  by  Ka- 
ihaiii'"  ant!  Spies'-'"  '"'  conterning  the  isolation  ol  viral 
agents  assotiatetl  with  infettious  hepatitis.  The  work  of 
Dr.  Spies  has  tenteretl  primarily  artiiintl  the  isolation 
.iiitl  t harat leri/aiitm  of  auttiitilerfering  viruses  foiintl 
in  asstxiaiion  with  tases  of  infectious  hepatitis.  His 
fust  isolation  was  lounti  in  asstxiatiuti  with  the  .Motol 
virus  origin.dh  isolaietl  by  Ktilxtlka  i‘l  iil.”'  tliscussetl 
earlier.  I  lie  isolation  tif  t vtopathogenic  human  ault>- 
inierlering  (fTf.AI)  virus  from  71  patients  has  lx?en 
ie|K)Hftl  by  S|)ies""'  with  the  use  of  high  tiiltitioiis  of 
p.ilieiii  m.itcrial,  I'ntliluietl  material  or  material  tli- 
iiitetl  less  ih.in  111  '  tlitl  not  shtiw  a  tylopathit  elfett 
in  the  human  e|iilheli<il  liver  tells  til  Chatig  or  in 
swine  .mil  hamster  kiilney  tissue  cultures.  The  use  of 
211-iiieihvlt  liolatilhrene  apjx’aretl  to  eiihanie  growth  with 
the  moll-  tom  eniiatetl  viral  inixtila.  Htiel  ihaiaiteri- 
/alioiis  have  Ixxn  re|xirteil  for  the  Cdf.-M  viruses,  but 
to  dale  they  have  not  been  itienlifietl  more  s|x'cifically. 

Ill  Italy,  Segagiii  it  ti/."'  have  re|x)rteil  their  isola¬ 
tions  ill  both  tissue  iiiltiire  anil  emliryonatetl  eggs  of 
ageiiis  loiinil  in  the  sera  of  .1(1  thiltiren  with  infettious 
liep.ililis.  Hepatii  lesions  were  re(X>rlctl  in  the  eggs  72 
hours  alier  intx  illation.  Babutlieri  rl  «/."  re|x>rtetl  I's- 
siie  tiiliiire  isolation  attempts  anti  the  use  of  lltiores- 
teiii  .iiililxxly  tei liiiiipies  in  an  endeavor  to  denioii- 
siraie  Ixith  vine  anil  anlilxxly.  Their  results,  however, 
are  iiitont  liisive  although  re|x>rtetl  as  encouraging  by 
them. 

I.ip.iiiese  workers  have  re|x>rieil  work  on  the  etiologic 
agents  ol  hepatitis  lor  several  years  even  though  many  ol 
their  re|xiris  have  not  lieen  rcailily  available  in  this 
toiiiilry.  .Mudi  of  the  sl.itiis  of  the  early  work  has  licen 
revieweil  in  a  pa|K’r  bv  .Vrakawa  rl  ul."  The  work  of  this 


group  involveil  isolation  and  fixation  of  infectious 
he|xiiitis  virus  in  mouse  brain  by  using,  as  intxula. 
the  sera  obtainetl  ilirettly  from  febrile  hepatitis  pa¬ 
tients  or  obtainetl  alter  serial  propagation  in  embry- 
oiialed  tliitken  eggs.  Positive  toinplement  fixation  tests 
were  obtainetl  in  85  ixtr  cent  ol  hepatitis  cases,  with  the 
.Mita  stiain  as  ati  antigeti.  llltrafiltration  tests  |jer- 
formed  by  Arakawa  anti  his  group  ftmnil  the  enil  jxriiu 
of  bitration  at  580  .\,  anti  electron  microscopy  showed 
a  tiiaineter  of  .5(M)  'o  000  ,\.  .Miiraoka'-'  '-"  studietl  the 
bitKhemical  anti  biophysical  pro|>erties  of  the  .Mita 
strain  anil  founti  (xrsitive  complement  fixation  tests  in 
all  of  the  patients  whose  sera  hail  lieen  toilet teii  before 
the  20lh  tlay  of  their  illness.  In  all  other  sera,  collected 
after  the  20th  tlay  of  illness,  only  00  |x,-r  tent  were 
|x>siiive  lor  toinplement  hxalion  antiboily  with  the  Mita 
strain  of  virus,  .\verage  neutralisation  iiulices  of  .’120.5 
anti  207.0,  re.s|x‘t!ively,  were  oliserveil  for  tfiese  two 
groups  of  sera.  .Six  tases  of  iidectiotis  hepatitis  from 
the  .Meilital  College.  Okayama.  Japati  hail  negative  com¬ 
plement  fixation  tests  but  an  average  neulrali/.ilion  intlex 
of  21.7.  .Sera  Irom  live  healthy  intliv iiluals  were  negative 
for  Ixith  tests.  Complement  fixation  tests  were  negative 
in  sera  from  five  tases  of  serum  hejiatitis,  but  one 
iiulivitlual  hail  an  etpiivotiil  serum-virus  neiitrali/ation 
titer.  .Muraoka""’  also  ilescribetl  histopathologic  thanges 
in  liver  tissues  of  mite  that  hail  reicivcti  inixiilations 
with  the  lixetl  virus.  Tujiwara.t"  ■'''  Kurauchi.""  Ogasa- 
hara."”  anil  Oni/.iika'"-'  re|x)rteil  extensive  in¬ 
vestigations  of  viral  agents  retovcreil  from  cases  of  in¬ 
fectious  he|xititis  in  tlie  Okayama  prefetttire.  Tlie  viral 
strains  were  isolaietl  from  patient  materials  by  suc¬ 
cessive  transmission  through  mice  anil  embryonateil 
cliicken  eggs.  .Attortling  to  Ogasaliar;i""  '"-  the  thick 
embryo  was  not  very  susteptible  to  the  virus,  but  the 
mice  showed  pathologic  fmtlings  on  itiletiion.  Kurauthi"" 
sliiilietl  the  ionise  ol  i  hronii  inlet  lion  in  the  mouse  with 
a  virus  recovereil  Irom  the  patients  in  the  Okavama  pre- 
Ici'ure.  .Mihoiigh  .i  lew  ol  the  mite  tlietl  over  this  ix'iiixl 
(.5(HI  ilays)  anti  hail  maikeil  pathologic  thanges,  most  of 
the  mice  tlevelo|x-il  a  ihronii  inlet  lion  with  ilegeneraiion 
anil  netrosis  ol  the  |>aietu hyiiial  tells  anil  lelhihir  infil¬ 
tration.  In  the  moitse  lungs,  the  proliletalioti  ol  toitiid 
tells  or  mesenihymal  tells  arounil  the  biotuhi  atid  blixxl 
vessels  vvas  observeil.  .\ilapiation  of  the  v  it  its  from  the 
mouse  to  the  ihitk  embryo  was  established,  suggesting 
that  the  virus  hail  temaineil  in  the  mouse  organs  lor  an 
extensive  |HMiixl  of  lime  with  repeateil  viral  mulliplica- 
lion  anil  iliminiition.  Tujiwara*"  tlescrilxxl  use  of 
tomplemeni  fixation  anil  neiiirali/alion  tests  which  cm- 
ployed  a  mouse  liver  homogenate  as  an  antigen. 
Tliroiigh  a  moililieil  .■ffniif//gi(iigii’ciM(( /i .  or  cross-pro- 
teciion  test,  the  results  of  the  iom|>li'uent  fixation 
anil  neutrali.  ilion  tests  loiilil  Ix'  lorrelaieil  anti  were 
foiinil  to  eliiit  a  lommon  antigenicity  .imong  the  iso- 
laictl  viral  strains.  The  moililieil  .■f/iMittigiiiigst't  i.otc/i  was 
serologitally  signifiiant  with  high  litereil  sera  but  not 
with  sera  of  a  low  titer  .igainst  the  viral  agents. 

Oni/iika"*'’  ilesirilx-il  siuilies  of  fowl  siisceptibilitv  to 
six  varietl  strains  ol  viruses  (Ishihara.  Kanamitsii.  N'txla. 
Ogawa.  Morimiilo.  .\omori)  whiih  were  isolated  from 
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|xitieniN  wiili  iiitciiious  hi-p.iiiiis  in  ilu'  ()ka\ani.i  pro- 
frdure.  Ills  crilcri.i  loi  inici  lion,  in  i'if>ht  s|H'tic<>  ol 
foH'l.  wvre  i)k‘  >|«-iifii  paiIioloj;i(  (IianHi‘.>  in  llie  liver 
and  lull)'.  Willi  tixaiion  ol  ilie  \  iral  Mrainx  adiieved  in 
five  snuessive  passa^ex  of  ilie  \iral  .ij-eiUx.  pallioio^ii 
alteralion^  were  ini  reasin,t;l\  se\  eie,  I'lie  inoxt  inarkeil 
etteiis  were  ol»er\ed  ai  lir.il  inle(ii\il\  ol  10  ”  in 
Srriiim  tiiniiriii.  aiul  10  in  (  ro/oiii/iii  ilonir\ti(ii, 
with  MiitesNliil  rexeision  ol  i!ie  ^illl^  from  fowl  to 
iiiiee  in  all  la^>e^.  In  his  expel  iinenis  ol  dironie  inlet - 
lion  in  lowix.  Oni/iika'  "'  iiioi  iilaied  llie  Isliiliara. 
Kanainii>iii.  and  Noda  strains  ol  viruses  into  .17  eanaries. 
.1.1  siskins  ((.hiniis  iiiinoi  /'.  \.).  and  20  love¬ 

birds.  Orel  a  ionise  of  li  iiionihs.  diionii  inleilioiis 
were  judged  lo  be  preseni  b\  alleraiioiis  in  llie  palliol- 
of>\  ol  die  liver  and  liin!>  as  well  as  in  the  while  lell 
loiini  and  IiIimmI  pit  lure.  lew  lethal  lases  were  ob¬ 
served;  however,  inappareni  or  ihronii  infei lions  loiild 
iisiialh  Ix'  esiablished  wilh  inlra|K'i  loral  inoi  illation  ol 
siis|X'nsions  prepared  from  mouse  livers  or  einbrvo- 
n.ited  e^j>s  that  had  reieived  die  above  three  strains  of 
viruses.  Remarkable  leuko|K'nia  was  observed  in  the 
e.irh  sMjjes  ol  inleilion  with  a  severe  iiiirease  of 
.lUpiial  and  vai  uole-tleKeneraled  leukoivtes.  Liver  al- 
leralioiis  lonsisled  ol  roiiiiil  tell  iiifiltraiion  in  the 
|K'ri|xirlal  lonneeiive  tissue  with  various  uix's  of  tel- 
liilar  degeneration,  sudi  ;is  nodules  and  neirotii 
ihannes.  with  loiali/ed  neirosis  siattered  in  the  inter¬ 
mediate  parts  ol  die  aiini.  Lhe  siskins  were  die  most 
siisieplible  ol  the  tested  fowl,  wilh  many  lethal  eases 
in  whidi  very  severe  neirosis  ;md  lellular  infiltration 
iKiurred  in  the  liver.  1  he  iliannes  in  the  luiif's  a|>- 
|XMred  hiier  than  those  in  the  liver  and  |X'rsisled  for 
ti  inondis.  with  inesixlei iiial  lelliilai  infillration  anil 
iiileialveolilis  with  heinoi rliage  around  the  brondii. 
.dveoli.  and  blixid  vessels. 

Kimiiia  and  Holla''  reported  the  transmission  of 
a  viral  ;it>eiit  reiovered  Irom  p.itients  durint>  an  epi- 
deniit  ol  hepatitis  oiiurrint;  Irom  tiuiumn  of  1*11.5 
to  s|iriny>  ol  l!Mli  in  die  K'oto-( )saka-Kobe  distritl  of 
|.ipan.  flep.iriiii/ed  blixxl.  i.iken  Irom  patients  in  the 
febrile  siaj;e  ol  illness,  was  inixulaied  via  die  iiilr;i- 
iie|>ali<  route  into  white  mite.  .\u  inirat  ul.meous  in- 
jetlion  ol  ;i  sus|K‘nsion  ol  liver  tissue  Irom  an  inlet  leil 
mtiiise  was  given  lo  a  healthy  .itliill  man.  .Mter  21  thiys. 
a  ttmtliiitm  ilevelt)|X'tl  In  the  volunteer  siibjetl.  vvhith 
loiiltl  iitii  Ix'  tiisi ingiiishetl  Irtim  a  tase  til  ntinitlerit 
inlet  litiiis  hepatitis.  Havashi.  K.iwtistie.  aiitl  I  aka- 
h.ishi'"'  re|X)rletl  iiitrre  retently  tin  the  istil.iiioii  til  viral 
.igeiits  asstxi.iletl  wilh  hepatitis  in  |;ipan.  The  sliitlies 
ol  Har.i  anti  his  asstit  iaies'-  ''  were  ttiinmenietl  tin 
e.irlier  in  this  pa|X'r. 

I  here  h.ive  Ix-eii  re|xirts  Irom  two  I’tilish  lalxiraltiries. 
(.hl.ip.  (peorgiatles,  anti  I’orwii-Htibrtiwa-"  re|x)rletl  tin 
a  toiiijiar.ilive  siiitlv  of  lour  grtiiips  of  viral  agents: 
(I)  Molol  vims.  (2)  Id.  .Severtiwa.  (1)  atleiiov  ii  uses,  anti 
(I)  .1  gitiiip  ol  t  V  itipaihogenit  vitiises  siittlietl  in  asstx  ia- 
titin  with  their  t  harat  lerisiit  lyttiptiihit  elleits  in  the 
KK  line  til  tissue  lut'ure.  liv  using  the  t  lassiht  alitin 
trileria  ol  ftiilers.''  they  re|Kirleil  that  the  .Mtiltil 


virus  prtithitetl  a  tissue  tulture  thange  tomparable  lo 
ihtise  tlestt  ibetl  by  l.ntlei  s  lot  (iitiiip  I.  1  he  uns|X'i  ilietl 
ly lopalhogenit  giotip  ol  vititses  were  tlesttibetl  as  jirti- 
tinting  iiitit phtiltigit  thanges  siniihii  tti  the  settinti  gttiiip 
til  Lntleis.  rite  Id.  .Severowa  strain  |irixluteil  a  lyioptilhit 
elleti  ttimpatable  lo  the  tliittl  type  ol  tlegenei;iiion  tle- 
stiilx-d  by  Lntleis.  They  tontlutletl  that  sulhtient  uioi- 
phtilogit  tiilleienies  ott  iirretl  in  the  in  I'ifrn  t  iihures  lor 
this  ivpe  ol  inltiiinalion  to  provitle  a  iiselitl  sup|ilemenl 
to  the  itlentilitalion  ol  newly  isolateil  viruses.  'Lite  lepoit 
by  .Mtii/vt  ka  anti  I'avloi jxiinletl  out  that  these  autliois 
were  unable  to  isolate  agents  fitini  blotxl  anti  tissue  speti- 
meiis  til  hepatitis  patients  in  the  Dettiiit-li  siirtins  ol  tissue 
tiilliire  even  ihotigh  vitits  isolations  hatl  been  tlemiin- 
straletl  in  other  host  systems.  The  original  isolations 
were  matle  in  human  eiiibryiinit  tissue  luliures.  as  tle- 
strilx’tl  by  Mor/ytki  i-l  al.'-''' 

Kumaniati  workers  have  been  very  aitive  in  hepatitis 
researth  in  at  least  two  laboratories.  l,as/lti"'-‘  .mil  his 
asstx  itiles  have  re|xirleil  the  isolation  of  viral  agents  in 
Ixilh  hitm.in  anil  embryotiit  t  hit  ken  liver  tissue  itil- 
litre.  These  stiiilies  intluilcil  serologii  testing  as  well 
as  eletiron  miiiiisitipii  sliitlies  ol  the  agents  isiihileil. 
.All  of  these  ;tgents  ineastiretl  in  the  range  of  1(10  to 
700  .More  retently  l.as/lo  ri  nl."'-  have  lepoiieil  on 
a  stuily  ol  21  strains  isolateil  between  1(157  anil  KMil. 
.All  of  these  were  isolateil  in  Deiroit-ti  tells.  Holh  nett- 
trali/alion  ;intl  eomplenient  lixalion  tests  were  em- 
ployetl  to  establish  seiologit  rrlatioiiships  amoiig  the 
strains  isolateil  from  the  patients.  .Sinie  l*Mi2.  Mitroiu 
anti  his  eoworkers'’"  ’-’  have  rejxtricti  their  snulies  of 
agents  originallv  isolateil  Irom  patients  with  epiilemie 
hepatitis.  T  hese  agents  grew  well  in  human  epithelial. 
Klf,  HeLa.  HKp2.  Deiroii-ti.  anil  monkey  heart  tell 
tiiliures.  The  viruses  lotilil  not  be  itleniilieil  sero- 
logitally  with  any  known  enieioviiiis  antiseia  although 
they  wete  neiilrali/etl  by  the  sera  Irom  loiivalesient 
patients.  Intlutletl  in  more  reient  snulies  w;is  the  ilem- 
onsir;itioii  of  a  serologii  relationship  between  the  strain 
isolateil  by  .Mitroiu  anil  asstx  iates  .mil  the  Russi;m 
strain.  K1.  ilcsiribeil  bv  .Ananiev  rl  nl..'  as  well  as 
thanges  in  the  isolates  ol  Mitroiu  cl  nl.  on  ailaplalion 
lit  inim;m  embryoitii  liver  tells  in  i  tillitre. 

Russian  workers  have  been  iptite  ailive.  I’rob.iblv  the 
most  at  live  have  been  .Ananiev  anti  his  ttssix  iates.-  ' 
who  have  re)x)rieil  on  Hotkin's  ili-  -.ise  (a  term  fre- 
i|uendv  ttseil  in  the  Russian  lilertnure  for  inlet  lions 
hepatitis).  T  he  strain  print  iji.illv  .issix  ittleil  wilh  this 
ilisease  is  lalleil  K1.  anil  the  sliitlies  ol  Ananiev  .mil 
his  tovvorkers  have  involveil  ilesi  i  i|>lions  ol  the  vir;il 
projX'rlies  in  tissue  lultiires.  as  well  as  ol  the  serologii 
IxTiavior  anil  an  imitleniilieil  l.tiior  whiih  seemeil 
lo  enh;mie  the  siisieplibiliiy  ol  tells  to  the  :igeni.  T  he 
relalittnship  Ix'iween  this  strain  anil  the  Riniiaiii.m 
ivdales  has  alreatly  been  inilii ateil.' "  KIvaihko  anil 
(.alko''  have  re|x>rieil  the  isohiiion  (in  Delroii-h  uTl 
iiiltiires)  ol  viral  agents  Irom  palienis  wilh  inleilioiis 
hepatitis.  These  viruses  have  Ix-en  i.irrieil  in  serial 
passage  alter  their  isolation  Irom  bitxxl  s|K-iimens  healeil 
lo  (1(1°  L.  .All  six  sir.iins  ol  virus  apjx-ar  lo  belong  to  ;i 
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lionuint'iifDiis  nn)ii|j  ;iiul  art*  not  iiciitrali/fil  by  iin- 
munc  Mia  against  known  viral  agt-nls.  Sera  Iroin  oiic- 
(bird  ol  (he  |jalienis  netitiali/e<l  the  isolated  agents 
in  low  tiler.  Fnrtlier  studies  ((interning  llteii  isolates 
were  rejiorled  to  Ire  underway.  Prosknryakova  and 
Novikova'"  attein|r(e(l  viral  isolations  Iroin  200  |ralients 
with  itiledious  hepatitis  by  using  primary  biinian 
embrvonit  kidney  and  Detroit-(i  tell  (ttltnres.  More  than 
10  strains  ol  (ytopathie  viruses  were  isolated,  20  ol 
wliidi  were  identilied  tis  tyjrc  .S,  group  B  (ioxsatkie 
viruses.  Koiinecn  ol  the  strains  were  not  neiitr;ili/eil  by 
\aiioiis  antisera  Iroin  the  enterovirus,  lier|ies,  and 
.idenodrus  gnriips.  Ol  these  strains  two  were  siiiilietl 
in  detail  (strains  l-ti2  and  2-(i2).  Botli  strains  weie 
iioii|>tithogeni(  tor  siukling  mite  tind  did  not  iiiultiply 
in  ihi(k  embryo.  1  hey  did  not  show  any  liemaggiutinat- 
ing  .Ktivits  against  erythrtxytc.s  ol  iiitin,  horse,  (hit ken, 
girose.  sheep,  monkey,  or  guinea  pig.  llie  viruses  were 
st.tble  in  tlie  present e  ol  both  ether  atid  t  hlorolorni. 
A  (oiimion  antigen  oi  strain  1-02  was  noted  with  the 
K?(  situs  isolated  in  .Mostow.  I  he  otliei  12  nontypable 
str.iins  were  simihir  to  strtiitis  1-02  and  2-(>2  in  their 
(iiltiired  tint!  (yio|)athii  elletis.  Further  studies  on  these 
•igeiits  tind  their  relationship  to  heptitilis  tire  being 
|>erlornied. 

File  re|H)rl  ol  Shtirlai  rl  nl.'''"  wtts  metitioiied  earlier. 
Shevdienko,  Dtinileidicnko.  and  .Metelitsa'-’’-  isolated 
nine  ( stopalliogenii  agents  Iroin  ptitients  with  iiiiedioiis 
hep.iiiiis  by  metins  ol  the  Detroit-0  (cll  line.  .Ml  agents 
withstood  heating  at  00°  C.  lor  HO  iniiiules  and  were 
not  sus(e|)iil)le  to  the  elfeds  of  ei/ier.  F/icy  did  not 
jxissess  hemtigglutinaiiiig  ability  against  any  ol  the 
erythroi Mfs  tested.  1  he  (ytopathit  elled  ol  these  agents 
ill  tissue  (uliure  w.ts  neiitrali/ed  by  the  serti  ol  the 
(oiivalesd'iit  patients,  but  not  by  ser.i  ol  known  viral 
.igerits  belonging  to  the  enterovirus  or  tidenov inis 
group. 

.Mudt  ol  the  work  perlormed  bv  .kiiieiitan  investigators 
It. IS  .ilrc.idv  been  ilesd  ibed  in  studies  under  isolates  iden¬ 
tified  as  known  viral  agents.  I  his  is  |>iobably  due  to  the 
extensive  and  (onliniiiiig  work  in  attempting  to  ideiltily 
the  isol.ites.  However,  there  remain  several  Ibiiied 
.Stales  isol.itioii  .iiiempis  lor  wliidi  agents  have  not 
been  dassilied.  Bolin  d  (//.'•'  re|Kiried  the  reiovery  ol 
scrum  hep.ititis  isolates  from  volunteers  inofiilated  with 
.III  .Nil]  plasma  |x>ol.  (  1  his  was  the  identiial  |m>oI 
lioiii  vvhi(h  O'.Mallev  rl  ill.'"  re(overed  the  .\-l  agent. 
I.ilci  dcstiibed  .is  .i  M\i  iil>lii\niii  g(i///.(c/)t/< »»(.'"')  File 
vli.d  .igciiis  were  iiiiiially  reiovered  in  tissue  iiiliine 
ol  human  lung  lells.  but  altei  jiass.ige  in  tissue  ( uliure 
ihev  grew  in  a  wide  s|H’(iruni  ol  (cll  lines.  In  over  100 
aitempis.  Bohn  rl  (//.'  ■  wete  not  .ible  to  isol.tie  an  .igeni 
dileitlv  liom  the  souiie  ol  the  V-1  agent,  l.alei  ie|M»rts 
bv  Bolin.  Bi.iiiningei .  I’.irdee.  and  .Msevei"'  and  bv 
Bolin,  (  base,  Alsevei.  .old  Mann''  have  been  loiiierned 
with  v.iiioiis  seiologii  tests  wliiili  weie  develojH’d  with 
die  use  ol  the  isolates  liom  Bolin's  voliinleei  gioup  .is 
.imigeiis.  File  hist  p.i|H'i'"  w.is  (oiKciiied  with  ,i  (omple- 
ment  lix.iiioii  test  .iiid  the  seioiid  p.ipei''  vvilh  a  latex 
( o.igiilal Ion  lest.  Flu- l.ittei  stiiilv  suggested  .i  lel.ilioiiship 


between  inlet  tioiis  mononiu  leosis  and  the  volunteer  iso¬ 
lates  used.  In  the  abseiue  ol  luriher  reports  Iroin  this 
group  on  the  agents,  an  evaluation  of  the  findings  i  annot 
be  adequately  made. 

One  of  the  most  lengthy  studies  involving  hepatitis 
isolates  has  l>een  made  by  Rightsel,  Keltsch,  Tekushan. 
and  MeLean'^^  who  re|x>rte(l.  in  lOali,  the  isolation 
of  ninneroiis  agents  from  sera  and  stools  of  hepatitis 
patients.  .Several  re|Kjrts  were  published  by  this  group 
ol  investigators  between  1951)  and  the  present 
lime.'*  '*•■*  1  he  system  they  used  in  recent  years 

involved  the  developmeiil  of  a  cloned  strain  of  Detroit-6 
(ells.  Fliese  (ells  demonstrated  consistent  susceptibility 
ill  their  laboratories  tinil  reasonably  consistent  siis- 
(C'plibiliiy  in  ihoseol  other  workers,  although  at  least  two 
early  attempts  by  .Mor/yika  and  Faylor'-’'  and  Franklin 
and  Sinclair*'’  were  imsiKcesslul  in  the  use  of  the  cell  line 
lor  isolation.  Fhc  studies  by  Rightsel  and  his  associates 
have  provided  i  oiisiderable  inlormation,  both  in  labora¬ 
tory  and  (linidil  details,  on  the  behavior  of  their  isolates. 

I'liere  have  been  numerous  re|K)rts  of  studies  by  former 
ass(Hiaies  ol  the  group  iiu  hiding  Sdineider,  Taylor.  .Mc- 
(aiughey.  and  Miiirhead'*''  and  .Muirhead  anti  Schnei¬ 
der'-’  who  are  siill  adively  engaged  in  isolation  attempts. 
.More  recently,  dole  rl  nl.'--  re|M)ricd  from  .Australia  on 
the  use  of  I)etioit-(i  (ell  line  for  v  iral  isolation  in  neonatal 
liver  disease,  as  well  tis  in  2S  sera  of  patients  admitted  to 
Fairfield  Hosjiiial.  V'it  loria,  .Australia,  with  the  diagnosis 
ol  inledious  he|)alilis.-'  Of  the  sera  examined.  27  were 
re|Kjrle(l  as  jxisitivc  with  this  cell  line.  .A  recent  report 
by  Ferris  iiixl  (.'ole**  desirilxxl  exjjeriments  that  irsed 
(oded  sera,  and  the  Detroit-!)  (ells  showed  cytopathic 
elleds  almost  as  fre(piciitly  in  the  (onirol  sera  as  in 
sera  from  patients  with  inledious  hepatitis,  dross  and 
.Marmion’-'"  also  re|x)ried  a  similar  ly|x.‘  ol  n()ns|)ecific 
(ylopathi(  died  in  diliiires  of  Bolin's  human  lung 
epithelial  tells.  File  exad  laiise  of  the  (elliilar  degenera¬ 
tion  observed  in  both  (ell  lines  was  not  evident. 

tl-.Mfi.  .Smith,  and  Bieselc"  have  re|x)iied  on  the 
passage  ol  an  agent  isolated  from  infectious  heyialilis 
material  in  leiikixyle  diltiires:  infeited  cultures  demon¬ 
strated  (hromosome  breakage.  No  mention  was  made  in 
the  original  report  (oiuerning  the  agent  ilsell  and  its 
possible  relationshi])  to  other  isolates,  or  the  |)atient's 
seta  Iroin  whom  the  agent  was  retovered.  Mella  and 
l..ing"‘’  have  dt’s(  I  ibed  the  siijqnession  of  leiikixyle  mito¬ 
sis  both  ill  palients  siilleriiig  Iroin  inledious  hepatitis 
and  in  normal  leiikoiytes  exposed  to  serum  from  patients 
with  the  disease.  Fhese  reports,  although  they  do  not 
(onliibiiie  apineiiably  to  our  knowledge  ol  the  eliologii 
agents,  have  jirovided  partial  insight  into  some  ol  the 
possible  elleds  ol  agents  assixiated  with  inledious  hepa¬ 
titis. 

.Miei  a  rr’lros|x’div(’  review  of  the  literature  pul>- 
lished  to  date,  sever.d  huts  h.ive  emerged  Iroin  all  of 
ihe  studies  i(’|x)rt(’d.  File  lirsi  ol  these  Is  that  a  wide 
v.irielv  ol  agents  h.is  been  isolated  Iroin  lases  ol  in- 
ledioiis  hepalilis  ranging  Ironi  the  well  known  viruses 
to  those  not  prev  ioiislv  i  l.issified.  Fherelore,  whether 
the  (.iiise  ol  hep.ititis.  like  the  loinmon  lold.  is  protean 
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in  natuK  or  whether  the  etiologic  agent  is  one  or 
more  of  the  s|x^rih(  agents,  the  Itepatitis  problem  re¬ 
mains  unsolved  inasmuch  as  most  work  has  failed  to 
fulfill  the  classic  Koch's  postitlates.  Moreover,  there 
have  been  few  attempts  to  correlate  viral  agents  and 
patients  sera,  obtained  by  different  investigators,  with 
one  another.  In  spite  of  this  difficulty,  certain  inter¬ 
relationships  have  become  apparent.  For  example,  the 
recent  reports  by  Liebhaber,  Krugnian,  McGregor,  and 
Giles'"'  and  by  Prose,  Balk,  Liebhaber,  and  Krug- 
man,""  concerning  an  agent  (WB)  which  had  been  pre¬ 
viously  isolated  anti  described'"*  and  which  has  now  been 
identified  as  a  myxovirus,  might  have  been  of  only  passing 
interest.  However,  this  particular  agent  was  found  to  have 
an  antigenic  relationship  to  a  type  3  simian  virus.  It 
should  now  be  recalled  that  in  an  earlier  report  (Hsiung, 
fsacson,  and  McCollum")  in  1962.  it  was  noted  that  an 
agent  (D.A)  was  recoveretl  from  a  fatal  case  of  in¬ 
fectious  hepatitis.  The  DA  agent  also  was  immuno- 
logically  related  to  type  3  simian  virus.  There  was 
good  evidence  to  show  that  the  DA  virus  did  not 
originate  from  the  simian  tissue  cultures  subsequently 
used  in  the  studies  of  Hsiung  et  al.  .More  recently, 
Kubelka  et  ul.^”  reported  that  the  hemaggi titillating  fac¬ 
tors  of  the  Motol  virus  weie  antigenically  related  to 
type  3  simian  virus  atitl  to  the  DA  virus.  These  reports, 
occurring  intlependently  on  agents  isolated  anil  studied 
over  a  wide  ratige  of  time,  Itave  demotistrateil  at  least 
a  certain  antigen  in  commoti  among  these  agents  re¬ 
covered  in  association  witli  cases  of  human  infectious 
hepatitis.  Of  course,  the  po«sibi!ity  of  simian  virus  con¬ 
taminants  or  the  activation  of  latent  simian  viruses  in 
the  tissue  cultures  cannot  be  precluiled  in  every  case,  but 
in  two  of  these  reports  this  woulil  appear  to  lie  highly 
unlikely.  .Aulisio,  M'ong.  and  Morris,"  on  the  other 
hand,  have  reporteil  that  examination  of  paireil  sera  for 
type  3  simian  viruvneutralizing  antilxxly  from  30  cases 
of  hepatitis,  contracted  by  United  States  troops  in  sev¬ 
eral  geographic  areas  of  the  Far  East,  showed  that  41 
gave  negative  titer  results  in  dilutions  of  1/4.  The  re¬ 
maining  nine  paiieil  sera  showed  only  titers  from  1/8  to 
1/32  in  acute  and  convalesient  sera.  Aulisio  rt  at."  con- 
cluiled  that  on  the  basis  of  their  data  it  was  reasonable 
to  .'i.Miime  that  type  .3  .simian  virus  was  not  of  etiolctgic 
importance  in  the  hepatitis  cases  examined  in  their 
stuily.  It  is  this  type  of  collation  of  data  from  widely 
divergent  sources  that  this  review  has  attempted  to  stim¬ 
ulate  by  citing  old.  new.  anil  extensive  foreign  entries  so 
that  those  investigators  most  familiar  with  the  field 
might  reevaluate  oiir  present  knowledge  anil  iliscern 
previously  unnoticed  similarities. 

Another  common  factor  which  has  emerged  from  the 
work  of  numerous  investigators  has  lieen  the  size  of  the 
particles  assiHiateil  with  the  unclassifieil  agents  that 
iiave  now  lieen  recovered  from  human  ca.ses  of  infectious 
hepatitis.  In  review  of  the  studies,  which  involved  oli- 
servalion  by  electron  microscopy  of  the  isolated  agents, 
at  least  six  investigators  have  re|X)rtetl  a  virus-like  par¬ 
ticle  with  a  size  ranging  from  180  (o  2(K)  A  in  diameter. 
Their  rc|X)rts  included  the  .AR-17  isolate  ol  Rightsel 
rt  at.,'**  the  R.  V9,  V'li,  anil  l(i.3.S  strains  of  l.as/ln 


et  at.,'’'’-  the  CHAl  viruses  of  Spies,'*"  the  C3  fraction  of 
the  Motol  virus  of  Kubelka,**  the  viral  agent  of  Es¬ 
sen,*'  and  the  A-2  (CW)  plaque  virus  initially  recovered 
by  the  staff  at  the  Armed  Forces  Institute  of  Pathology, 
Washington.  D.  G.,  and  rejxrrted  by  Shaw  and  Banks.'"' 
Although  the  particle  size  might  be  similar  to  any  num¬ 
ber  of  viral  agents,  it  has  provided  a  certain  uniform 
criterion  of  size  for  a  number  of  isolates  to  date. 

It  has  lieen  an  adamant  requirement  that  each  new- 
viral  agent,  recovered  in  association  with  this  disease.  Ire 
thorouglily  characterized  and,  if  possible,  classified. 
Much  of  the  confusion  that  exists  with  regard  to  etio- 
logk  agents  has  existed  in  subsequent  susceptibility  stud¬ 
ies  in  animals,  in  that  such  passages  have  |K>ssibly 
activated  a  latent  virus  from  the  animal  host.  The  prob¬ 
lem  of  relating  the  animal  host  to  the  originally  isolated 
virus  and  to  the  human  disease  syndrome  has  Iteen  con¬ 
siderably  difficult  in  resolution.  The  jnirsuit  of  the  eiio- 
logic  agent  must  lie  encouraged,  not  only  uniler  the 
standards  and  accejited  principles  anil  techniques  of 
viral  immunology  but  also  within  the  framework  ol  new 
concepts  evohing  from  studies  ol  moleiular  genetics, 
which  have  enlarged  the  comprehension  and  control  of 
the  mechanisms  of  viral  and  host  cell  interactions. 
.Much  work  still  remains  to  Ire  done,  in  relating  other 
pri)|>erties  of  agents  recovered  in  association  with  liral 
he|).ititis,  which  the  authors  ho[je  will  soon  lie  lorth- 
coiiiing. 
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